The study attempts to estimate the stream discharge of the Aboine river basin, southeast Nigeria, using modified climatic water balance approach. Moisture deficit in the basin generally begins from January and lasts up to April while utilization begins from October up to December. The basin attains a field capacity from August to September and decreases in moisture storage from October when more water is removed from the basin to meet plant water needs. The value of the circularity ratio of 0.29 showed that the Aboine Basin will produce little surface runoff. Results of bifurcation ratio, compactness coefficient, stream length and modeling of inter-basin parameters showed that the Aboine drainage basin is basically a flat surface. This will affect both the amount of water available from the basin for any water resources projects. Such information also provides the basis for demonstrating the effects of environmental control on the fluvial system and also for predicting the basin output variables. Surface runoff contribution to discharge was computed as a residual of our modified climatic water balance equation while groundwater flow contribution to discharge was determined from the separation of water stage hydrograph available for the study area from 1984 to 1987, using the hydrograph separation technique. Comparison of calculated discharge values using modified THWB climatic water balance with stream discharge determined from water-stage showed significant difference between computed stream discharge from water stage and discharge estimated from our water balance model at 0.05 level of confidence. This suggests that our modified water balance model if further improved maybe suitable for generating information on all the aspects of the moisture relationship in the basin in the absent of measured stream flow data. © JASEM
Faced with these challenge, it has becomes necessary to resort to alternative methods for estimating discharge data for ungauged basins, including extrapolation of streamflow records from the nearest, similar gauged catchment; regression-based techniques (usually employing climatic and drainage basin explanatory variables as part of a Regional Flood Frequency Analysis); and more sophisticated, physically-based hydrological models. The choice of method for any method will depend upon the quality and range of available data, the nature and accuracy required of the discharge estimates, and the time and cost constraints of the exercise (Wharton and Tomlinson, 1999) . In Nigeria, the method of data extension has always been employed (Sule, et al, 2011; Sobowale et al,. 2010) . The principles of this technique involve correlating the short or inadequate records with large records of nearby stations or adopting the rainfall-runoff data extension method. The correlation can be done with mean annual, mean monthly, mean daily or instantaneous discharges. The confidence in data generated by this correlation technique depends on the physical and climatic characteristics of the basins being considered, for they would have to be homogeneous. Moreover, this condition of basin homogeneity is often hardly met which often results in failure of many water resources projects to meet demands.
The provision of missing data by correlation, projections based on hydrological data from other but climatologically similar places are mere approximations that may fail in accuracy, hence they mostly depend on chance (Dike and Nwachukwu 2003, Ezemonye and Emeribe, 2013) . The other method is by understanding and measuring of the fundamental processes involved in the hydrological events based on the principle of hydrological balance. The processes relates of course to the components of the hydrological cycle (precipitation, evaporation, infiltration etc) . In using the water balance technique for estimating basin discharge, it has been discovered that the method not only detects easily individual error of measurements, but also enhances the (Pohle. et al, 2012; Eruola et al. 2012) . In addition, using water balance technique for appraising the water resources of drainage basin represents some improvements over the simple rainfall-runoff relationships (Ayoade, 1998) . Xu and Singh, (1998) further showed that using water balance technique for estimating stream discharge for ungauged basins is attracting a wide range of interest and more so is frequently applied in several fields such as for reconstruction of the hydrology of catchments, assessment of climatic change impacts and evaluation of the seasonal and geographical patterns of water supply and irrigation demand. For integrated and sustainable water resource management, it is essential to understand water balance of river basin (Matsuyama et al., 1994) . The present study therefore aims at modelling the stream discharge of the Aboine basin using the water balance technique, with a view to ascertaining the accuracy of the method for estimating the stream discharge of ungauged river basin, in southeast Nigeria. The major rivers in the study area include the Nyaba, Idodo, Iyako, Ora and Ata-for rivers which serve as important sources of water supply for the inhabitants of the study area. The Ora River and its tributary form the headwater of the Aboine basin. Generally, the Aboine basin flows in a north-east direction and empties into the Cross river basin (Fig. 1) . The study area comprises seven geological formations and mostly sedimentary rocks (Orajaka, 1975) (Ofomata, 1975) . The Cross River Plains on the other hand are underlain by folded argillaceous sediments and consist essentially of an undulating low land region, the greater part lying between 50meters to 100meters above sea level. In a study involving modelling of process -response relationships such as this, it is required that climatic data are collected for the same period for which there are discharge or water stage data. Though these data may appear old for investigation of process-response relationship in drainage basin, Adejuwon et al (1983) have shown that in geographic analysis what is of importance is the difference in spatial association and variation from place to place and not necessarily over time.
MATERIALS AND METHOD
In this study, stream discharge was determined as the sum of surface runoff from precipitation and contribution from groundwater flow. Surface runoff of the study area for the period of study (1984 -1987) was estimated as the residual of our modified water balance equation while groundwater flow contribution to stream discharge was determined by separating the hydrograph of the water stage available for the study area into surface and groundwater flows. This was done using the graphical method of hydrograph separation. The choice of the study periods derives from the fact that the period 1984-1987 is the latest periods for which data on water stage are available.
Water Stage Data: Data on water stage were collected from the Awkunanaw stream gauging station. These data were collected from the AnambraImo River Drainage Basin Development Authority (A.I.D.B D.A). Water stage is the measure of the stream surface height in metres and are usually monitored by means of a staff gauge and then converted into actual discharge using the rating curves for the respective basins. The rating curves are in form of graphs and equations and are published alongside the gauge height records in hydrological year books. From the hydrological records on the study area which is available from the hydrological year book no effort was made by the A.I.D.B.D.A to convert the water stage to actual discharge. However, bearing in mind the aim of this study and also owing to the fact that stream discharge is the sum of direct flow and groundwater contributions, the available information on water stage were used to determine the contribution of groundwater flow to discharge for the periods of study. It follows thus that if the amount contributed by groundwater flow to stream discharge is known, stream discharge becomes the sum of monthly groundwater contribution and calculated monthly surface runoff.
Estimation of Surface Runoff :
The basic elements of the water balance equation include precipitation, evapotranspiration, runoff and change in soil moisture storage. Frantar et al (2008) gave the water balance equation as thus;
Where; P is Precipitation, Q is Runoff, PET is Potential evapotranspiration ∆St is Change in soil moisture storage From equation 1, the total amount of water available to a basin is equal to runoff plus the evapotranspiration from soil and storage. The latter can be seen as a form of ground water recharge. In the equation however there is assumed to be no direction of inflows or outflows of water from the basin. It is therefore our aim to modify the water balance equation to develop a surface runoff simulation model indicating directions of inflow and outflows of rainwater from the basin as has been done by other researchers (Frantar et al, 2008; Hugh and Ayers, 1970) . Evapotranspiration component of the equation was determined using Thornthwaite (Thornthwaite, and Mather (1955) . Consequently, our modified water balance equation is then given as; = − − ∆ (2) Where Q, P PET and ∆ St are as in equation (11) Since the principle of the water balance equation is based on only precipitation, evapotranspiration and depth of soil moisture storage, equation (2) did not reflect the effects of basin surface characteristics on infiltration/surface runoff generation processes, hence we made a bold step to include the runoff coefficient "C" in equation (2). The runoff coefficient 'C' represents the effects of basin surface characteristics on surface runoff generation process. Following this, our working surface runoff simulation model is given as
Where C is the surface runoff coefficient, P and PET are as in equation (1), ∆ St(C) is potential moisture storage.
The effect of basin factors which is represented by 'C' was empirical estimated using the Rantz (1971) method which varies from one ecological zone to another. The Aboine basin falls within runoff coefficient value of (0.35) which is loam and gravely soils and without impending horizons (i.e porous layers).
Mophormetric Parameters of the Basin:
The morphometric and geometric properties of the basin used for the study were computed from topographic maps of scale 1:50000 covering the entire basin. For the entire basin area, fourteen topographic sheets were used. These are Nsukka NE and SE, Igumale NW, SW and SE, Udi NE, SE, Nkalagu NW, NE, SE, SW, Abakalike NW, SW, Afipko NE. These maps were assembled from the Cartographic Laboratory of the Department of Geography, University of Nigeria, Nsukka. Although there are a lot of problems associated with using topographic maps for extracting morphometric indices such as the problems of map accuracy, scale and stream representation, researches have shown that using topographic maps of scale 1:50000 minimizes some of these problems, is time saving and is economical when compared to direct field measurements (Morisawa, 1957; Ebisemiju, 1976) .
Analyses of Stage-Discharge
Relationship: Discharges occurring between periods of measurements are determined from stage -discharge curves. Stage is the water surface above a selected arbitrary datum plane. As noted earlier the rating curves of our study area which come in form of graphs are not provided in the Hydrological Year Book. Consequently, we employed the empirical method involving equations. Gray (1970) observed that flow measurement structures are constructed in channels to ensure a constant stage-discharge relationship and to provide accurate discharge measurements without the use of velocity measurements. In this regards, the only field measurements required are measurements of stage. Measured stage may then be converted into discharge using a rating curve equation. Accordingly, Ayoade (1988) noted that a theoretical but stable relationship between stage (depth of water) and discharge for a particular control structure is usually established so that values of discharge can be computed from known values of stage. Two main types of flow measuring or control structures are weirs in which the water flows over and flumes in which the water flows through the flow measuring structure. Gray (1970) observed that these structures can be calibrated and used for discharge measurement. Stage records of our study were obtained using the weir structure. Studies have given the rating curve equation of a 90˚ sharpcrested flow measurement structure which is usually used in small basins. According to Gray (1970) and Ayoade (1988) , the equation is given as;
Where Q is discharge in Cusecs H is stage in meter and 1.38 is the discharge coefficient of a sharp-crested weir control structure.
The coefficient of discharge in the equation is a function of the friction loss due to the weir, the amount of vertical and horizontal contractions of flow, the effects of adherence and coherence, and the form of the weir structure (Gray, 1970) .
Data Analysis: Statistical techniques used in the study include the regression analysis to generate models of intra-basin parameters relationships such as relationships between stream number and order. The water budget bookkeeping procedure was used to compute the values of evapotranspiration, moisture deficit, surplus, moisture storage and changes in storage. Tables, graphs, maps and equations are used where necessary to compute and present the results of various analyses. Some of these graphs were generated using computer programmes such as Microsoft Excel.
RESULTS AND DISCUSSION
Stream ordering is a classification which reflects the degree of branching and bifurcation within a drainage basin. Stream ordering is considered fundamental to (Suresh 2000; Guarnieri and Pirotta, 2008) . Strahler (1952) ordering system which has a genetic basis and allows for comparative analysis of drainage basins was adopted in this study.
It can seen that the relationship between stream numbers and basin order, stream network arrangement (Bifurcation ratio) in the study area conforms well with the Horton's first law of stream number, that the number of stream segments of different basins decrease with increasing order and vice versa ( Table 1 ). The sum of the entire bifurcation ratios in the study area was divided by the total number of bifurcation ratios. This gives the average bifurcation ratio of the study area. Research has shown that bifurcation ratios are controlled by basin physiographic factors and predominantly the basin relief and drainage density (Schumm, et al., 2000) . However, in regions where the network geometry of streams develops without pronounced lithological or structural control, bifurcation ratios are stable showing little variation from one basin to another and may fail to confirm Horton's original suggestion that average bifurcation ratio vary from 2.0 for flat or rolling basins to 3.0 to 4.0 for mountainous or highly dissected basins (Strahler, 1957; Chorley et al,., 1957) . The values of bifurcation ratio calculated for the different order basins in the study area show stability with little variation. This suggests that there are little or no structural or lithological controls on the evolution and development of stream networks of the Aboine drainage basin. This also confirms the observation by Ebisemiju (1985) that there is no significant structural control on the evolution of the drainage network and surface landform of the Sandstone dominated areas of South-eastern Nigeria of which the study area forms a part. The area of the basin of each order (from first to seventh order basin) was calculated in such a way that the area of a higher order basin will include area(s) of the next lower order basins. In this regard, the area of the first order basin will include all the areas of the entire first order basins. The area of the second order basin on the other hand will include the areas of all the second orders with that of the first order basins, plus the inter-basin area of the first order and so on up to the seventh order basin. A law of stream composition was developed by Horton (1945) to investigate this relationship. According to Horton's law of stream area the average area of drainage basin for each of the different order tend to approximate closely to a geometrical series in which the first is the average area of first-order basin. This means that the average stream area of each order increases geometrically with increasing order and decreases number ( Table  1) . The Aboine drainage basin conforms well to this law.
Since our study area yielded a circularity value far from unit number, the basin shape is said to be elongated. The value of the circularity ratio for our study area is also an indication our study area produces little surface runoff. This is because runoff travels more rapidly in a circular shaped basin where surface runoff has an equidistant travel to the main discharge channel than in elongated basin. The compactness coefficient value is equal to unit when the basin shape is a perfect circle and varies from 1.198 to 2.6 in the case of an elongated basin and may exceed 3.00 for a very elongated basin. The value of compactness coefficient for the study area provides further information that the basin is elongated and hence will produce little surface runoff. September and decreases in moisture storage from October when more water is removed from the basin to meet plant water needs. 
Field capacity =250
With the knowledge of our monthly rainfall, monthly potential evapotranspiration, and runoff coefficient of our study area, monthly surface runoff of the study area was computed using equation (3) . Since the amount of infiltrated rainwater in the basin was not directly measured, we consequently related the runoff coefficient of the basin with the basins soil moisture storage to give a monthly "potential moisture storage". The term potential moisture storage as used in the study represents the expected amount of rainwater which will infiltrate into the soil to recharge the groundwater storage after the effects of basin surface characteristics on the precipitated rainwater have been accounted for.The distribution of computed surface runoff values using modified Thornthwaite water balance model are shown in Table 3 . Runoff coefficient C' = 0.35
In Table 3 , monthly surface runoff of our basin is estimated as the residual of our modified water balance equation. Surface runoff reaches a peak in the month of August and decreases from the month of October due to cessation of rainfall. Adopting the hydrograph separation technique, the mean water stage of the study area was separated into surface runoff and ground water components (Table 4) . As Gusti (1978) observed, when a hydrograph is separated, periods of surface runoff contributions are indicated by the parts of the water stage that produce distinct and clearly defined peaks on the hydrograph, while the leftover of the water stage are considered as the groundwater contributions which continue to feed the stream after rainfall has ceased. The months of distinct and clearly defined peaks on the graph marking the surface runoff contribution to water stage are observed from May up to October respectively. These months further coincide with the months of high rainfall values in the basin. In separating the water stage of the study area, account was made of the periods of start and end of rainfall in the study area . From Table 4 , surface runoff contribution include the part of stage that feeds the stream during rainfall while that of ground water flows include the part of flow which continues even after rainfall has ceased.
Groundwater contribution tends to be constant when the groundwater storage reaches its field capacity when rainfall amounts increase significantly, while runoff contribution varies with variation in rainfall Table 5 . Variations in monthly discharge in our study area are observed. There is a significant rise in discharge amount from May which reaches a maximum in August. Discharge value decreases from October up to the month of April due to cessation in rainwater supply as well as due to withdrawal of water from the basin to meet vegetation water needs. Comparison of calculated discharge values from stage and those of computed discharge using modified THWB balance technique was also undertaken. This is in order to test for the effectiveness of the water balance technique for appraising the water resources of ungauged basins. Stage records of our study were obtained using equation 4 (Table 6 ). From Table 6 , variations can be observed between the monthly and annual values of calculated discharge from stage records and those obtained from our modified water balance model. These variations can be attributed to influence of environmental factors on the results of calculated discharge using our modified water balance method. For example, the under estimation of our computed monthly discharges using water balance model against computed discharge from water stage may have resulted in part due to the seasonal nature of vegetation growth and water demand of the basin. Vegetation water demand increases with increase in evapotranspiration over precipitation. Periods in which evapotranspiration exceeds atmospheric water supply, water supply to the basin declines and this is taken into account in our modified water balance method. On the other hand, the overestimation of monthly values of our computed discharge using the modified water balance equation over discharge computed from water stage records may also have resulted because some local environmental factors including subsurface characteristics, basin slope, and rainfall intensity etc influencing short-term discharge are not considered in our modified water balance equation.. Conclusion: Southeastern Nigeria is well drained by streams and rivers. The behaviours of these streams and rivers are of interest to a wide variety of concern, ranging from flood control, irrigation activities, public waters supply to recreation. However, the success of any water resources planning and development will depend on the availability of information on the stream discharge of characteristics of the basin. More importantly however, a major setback in undertaking hydrological studies as well as development of models for sound water resources planning and development in most drainage basins in the region is the lack of or inadequacy of hydrological data. This study focused on stream discharge modeling using the water balance technique. Stream discharge of the study area was estimated as the sum of surface runoff and groundwater flow. The various result of our computation provides information on not only the extent of environmental controls on the basin water yields but also on the extent of discharge response to basin factors. Such information are essential and provide the framework for sound planning of the water resources of the basin and thus for increased standard of living of the people of the study area especially in the absent of measured stream discharge data.
